shown; . Irx3 expression was also genitor cells in the pMN domain and is excluded from the adjacent p2 and p3 domains ( Figure 1T ). detected in post-mitotic motor neurons at the lateral margin of the ventral spinal cord ( Figure 1K ), whereas
We next examined the temporal pattern of Olig2 expression in the pMN domain in relation to several of Olig2 expression was confined to progenitor cells (Figure 1J) . Thus, Olig2 and Irx3 are expressed in complethe HD factors implicated in the specification of motor neuron identity. The onset of expression of Olig2 prementary patterns in the ventral spinal cord. We also defined the ventral limit of Olig2 expression. From ceded that of the motor neuron subtype determinants MNR2 and Lim3, which are not expressed until stages stages 10 to 25, the ventral limit of Olig2 expression coincided with the dorsal limit of Nkx2.2 expression 12 to 13 (data not shown; Tanabe et al., 1998). Moreover, at stage 18, Olig2 was expressed by progenitor cells ( Figure 1L ; data not shown). Thus, over the entire period of motor neuron generation, Olig2 is expressed by proalong the entire mediolateral axis of the pMN domain, corresponding to the position of the p0 to p2 domains (a using a replication-competent retroviral expression vecdomain designated as the r domain-for Irx3 repressed) tor, and through analysis of mouse mutant embryos.
(bracketed region in Figure 2H ), the expression of Irx3 We first examined whether the Nkx6 class proteins was repressed to low levels (Figures 4Aii and 4Aiii ), are involved in promoting the expression of Olig2 in pMN whereas in more dorsal regions of the neural tube (desigdomain progenitors. Ectopic expression of Nkx6.1 in the nated the m domain-for Irx3 maintained), Irx3 was reneural tube resulted in a dorsal expansion in the domain pressed much less efficiently, and high levels of Irx3 of Olig2 expression (Figures 2A and 2B) . Conversely, were maintained ( Figures 2H, 4Aii , and 4Aiii). The impact Olig2 expression was virtually absent from pMN domain of the differential repression of Irx3 on neuronal specifiprogenitors in mice lacking both Nkx6.1 and Nkx6.2 cation is discussed below. function (Figures 3A and 3F; Vallstedt et al., 2001 ). Together, these results provide evidence that the Nkx6
We next examined the interactions of Olig2 and Figure 3J ). Thus, Nkx2.2 genitors is regulated by the actions of selected class I and II HD repressor proteins, and suggest that Olig2 expression defines the ventral boundary of Olig2 expression. In contrast, misexpression of Olig2 within p3 doitself has a role in establishing the identity of pMN progenitors, primarily through its crossrepressive interacmain progenitors did not extinguish expression of Nkx2.2 ( Figure 2K ). This finding indicates that the represtion with Irx3 at the pMN/p2 boundary ( Figure 2L (Figures 6A-6D) . Ectopic Ngn2 ϩ cells were promote expression of pan-neuronal markers.
To overcome this problem, we performed an analysis detected in both the r and m domains, although ectopic Ngn2 expression was less extensive in the most dorsal of Olig2 and Ngn2 activity through misexpression of these two bHLH genes using either a replication-incomregion of the neural tube (Figures 6A-6D) . Coexpression of Olig2 with Irx3 still led to the ectopic dorsal exprespetent retroviral vector or a CMV-based expression system. Qualitatively similar results were observed with sion of Ngn2 (data not shown). A similar expansion in Ngn2 expression was detected after misexpression of both expression systems, and we present data using the CMV-based vector. We first assayed the proliferative Olig2-EnR, but not after expression of the Olig2-VP16 or Olig2⌬b constructs (Figures 6E and 6F; 8G , and 8H; data not shown). In addition, no change Cyn1 at 48 hr. About 85% of cells transfected with Olig2 expressed p27 and Cyn1, whereas Ͻ30% of cells transin endogenous Olig2 was detected after expression of Olig2-VP16 (data not shown). Moreover, the expression fected with a control marker were p27 ϩ or Cyn1 ϩ (Figures 7C, 7D, 7K, 7L, 7O, and 7P) . Similarly, about 90% of Nkx2.2 within the p3 domain was not altered (data not shown). Thus, Olig2-VP16 does not inhibit the exof cells transfected with Ngn2 expressed p27 and Cyn1 ( Figures 7G, 7H, 7O, and 7P) . The neurogenic activity of pression of HD proteins that function upstream of Olig2, or the expression of Olig2 itself. We next examined the Olig2 was detected in cells located in both the m and r domains, implying that the ability of Olig2 to promote influence of Olig2-VP16 on expression of MNR2 and Lim3, motor neuron subtype determinants that appear to funccell cycle exit and neuronal differentiation is not subject to the positional constraints imposed on motor neuron tion downstream of Olig2. Expression of Olig2-VP16 within pMN domain progenitors reduced the number of specification. These findings provide evidence that misexpression of Olig2 and Ngn2 in neural progenitor cells MNR2 ϩ and Lim3 ϩ cells by ‫%08ف‬ and ‫,%55ف‬ respectively, compared to controls ( Figures 8B, 8C, and 8H) . promotes their exit from the cell cycle and directs the expression of pan-neuronal markers.
In contrast, no reduction in MNR2 ϩ or Lim3 ϩ cells was detected after expression of an equivalent Olig1-VP16 construct (data not shown). We also examined whether An Activator Form of Olig2 Inhibits Motor Neuron Generation the loss of MNR2 ϩ cells was accompanied by the derepression of Irx3 within pMN domain progenitors. In some Collectively, our findings suggest that Olig2 generates motor neurons through its ability to repress the expresexperiments, ectopic Irx3 expression was detectable within the pMN domain, but only at very low levels (data sion of a set of target genes that themselves serve as repressors of motor neuron differentiation. We therefore not shown, see Discussion). We then examined the profile of expression of markers of post-mitotic motor neuconsidered whether an activator form of Olig2 might induce the expression of some of these target genes rons. Expression of Olig2-VP16 within the pMN domain resulted in a ‫%05ف‬ reduction in the number of Isl1/2 ϩ and thus interfere with endogenous Olig2 function. To examine this possibility, we tested whether misexpresmotor neurons (Figures 8D and 8H) . Together, these results confirm that Olig2 functions downstream of Nkx6 sion of Olig2-VP16 within the pMN domain influenced This latter finding raised the issue of whether exDiscussion pression of pan-neuronal markers is also inhibited by Olig2-VP16. Olig2-VP16 expression reduced the number This study provides evidence that Olig2, a bHLH protein expressed selectively by motor neuron progenitors, coof Ngn2 ϩ cells within the pMN domain by ‫%07ف‬ ( Figures  8E, 8G, and 8H ). In addition, we detected an ‫%06ف‬ ordinates subtype-specific and pan-neuronal features of spinal motor neuron differentiation ( Figure 9A ). Olig2 reduction in the expression of p27 and Cyn1 ( Figures  8D, 8F 
